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Abstract 
Disaster relief operations are complex and can benefit greatly from careful planning. Improved disaster preparedness can help 
save lifes, reduce the suffering of survivors, and enable communities to restart normal life more quickly. In this paper, we 
discuss the actors involved in humanitarian logistics and the different phases of relief efforts. As the characteristics of the needs 
of victims changes after the time, distinctive logistics operations for each phase are required. In this paper, we focus especially 
on planning for the first phase of emergency relief. An evaluation model is developed and applied to evaluate the current plans 
of relief operations in response to the three most likely earthquake scenarios to affect Aichi prefecture. We also evaluate a 
proposed plan to demonstrate the improvement in operation when coordination between government agencies and logistics 
companies is accomplished. 
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1. Introduction 
Around the world, the number and intensity of natural disaster increases every year (Whybark, Melnyk, Day & 
Davis, 2010). Several problems related to logistics operation during the aftermaths of the disasters have been 
widely discussed. As the efficiency of disaster relief operations is very dependent on the quality of the preparation, 
therefore, a well-prepared plan means an increased likelihood of saving lives, while also making more efficient use 
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of resources. In order to achieve disaster preparedness, we need to estimate the needs of survivors, as well as the 
likely capacities of the planned supply chains. This allows preparations regarding the capacities of facilities, and 
the availability of vehicles and personnel, for example.  
Humanitarian logistics is one of the most challenging issues in the field of logistics, and such operations are 
renowned for their complexity. The special challenges are due to some unique and complicated characteristics, the 
delivery of multiple commodities, through potentially multi-modal networks, under very strict time constraints, 
requiring the coordination of multiple disparate actors. The stakeholders in humanitarian logistics are as shown in 
Fig. 1. The stakeholders include victims, donors, logistics companies, NGOs, and government agencies. Victims in 
shelters or at their homes are the customers who require goods in the system. Donors, government and non-
government agencies, and logistics companies provide goods and services to the victims. Donors should provide 
goods that are truly useful to victims. Government and non-government agencies should be coordinated to avoid 
overlap on the provided efforts. Especially, many logistics resources are owned by logistics companies (such as 
vehicles, equipments, and trained staffs) will be very useful and will highly improve the relief operations. A well 
coordination among the actors involved can improve the efficiency of the operation as well as to reduce 
unnecessary use of the resources and alleviate problems often reported in the humanitarian logistics operation.   
Donors
Logistics Companies
NGOs Government Agencies
Victims Interactions
 
Fig. 1. Stakeholders in Humanitarian Logistics 
Factors that complicate humanitarian logistics operations include: 1) Numerous disparate actors (see Fig. 1.), 2) 
Distinct phases of relief efforts, and 3) Particular resource requirements (including materials, goods, and people). 
All this complexity should be taken into account in the overall planning and operation of humanitarian logistics, to 
make them smarter, faster, more reliable and also no more expensive than necessary. In addition, time constraints 
in humanitarian logistics during survival period are more crucial than usual, because faster relief operations mean a 
greater likelihood of saving lives. 
Each phase of relief efforts require a distinctive logistics system. Based on the authors’ surveys on victims, 
NGOs, logistics companies, and government agencies about the logistics problems during the aftermath of the 
2011 Great East Japan Earthquake and Tsunami, we summarize the phases of relief efforts into 1) Emergency 
relief, 2) Relief efforts for victims living at shelters, 3) for victims moved to temporary houses, and 4) for victims 
resumed normal lives. From the surveys, we learnt that victims’ requirements of goods are different in the different 
time periods after a disaster. The phases of relief efforts are summarized in Fig. 2.   
During the first phase of emergency relief, victims need the minimum requirements for survival; such goods 
include food, water, blanket, medicines, for example. The relief effort for this phase can be prepared in advance by 
government agencies. The logistics operation is normally a “push” process in which the goods are pushed through 
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supply chain from suppliers to receivers and is not a demand-driven process as in normal situations. The unit load 
system is suitable for this operation. In this phase, the most crucial issue is the operational time. Goods should 
reach victims as soon as possible since the faster arrival means the higher possibility to save more lives. Due to the 
characteristics of push logistics, this enables possibility for government agencies to prepare in advance the 
requirement of goods by type and numbers based on the prediction of disaster, the estimated level of damage, and 
the experiences from the previous disasters.  
The period of the first phase generally takes approximately some days to a week. After this period, it enters into 
the second phase when some victims are able go back to their homes while some victims whose houses were 
seriously damaged still remain at shelters. For living, victims will need goods more than the minimum 
requirement. Daily use products such as soaps, shampoos, cloths, toothbrushes, utensils, and so on, become 
necessary. In addition, more variety of goods becomes necessary. It has been reported that goods such as cloths 
and shoes, which are needed to fit to the size of individual, often caused problems and consequently required 
additional resources to clear up the unnecessary goods. In this phase, time might not be the most crucial factor but 
to fit the requirements of victims becomes more important. The third phase is when most victims are able to go 
back home but some need to stay longer and are moved to temporary houses. At this time, the situation seems to be 
settling down, the need for a greater variety of goods increases. The characteristics of this phase is similar to the 
second phase in which the pull supply chain is more preferable. For the fourth phase, although victims have 
resumed normal life, they still need some support in order to restore their quality of life faster; there are still some 
donors wishing to provide support. The requirement of goods will be the most varied by the individual needs of 
victims. This support might be performed directly by each pair of individual donors and victims.  
 
Fig. 2. Phases of relief efforts 
In this paper, we focus solely on the first phase of disaster relief effort which is emergency relief. A simulation 
model is developed as a decision aid to support planning the post-earthquake distribution of relief supplies. It is 
very important to be able to evaluate the performance of current plans in order to improve the response plan before 
future crises. The proposed model assesses the resource requirement for different plans and evaluates the plans for 
the distribution of goods in post-disaster situations. The model developed is used to analyze Aichi prefecture’s 
plans for the location of hubs to response to the predicted Tokai, Tonankai, and the coupled earthquake for Aichi 
prefecture, and to estimate the resources requirements (such as trucks and fuel) for the delivery of relief supplies 
(food and water) each day of the first week for the three earthquake types. As discussed previously, resources in 
form of vehicles, equipment and trained staff can improve the efficiency of operation. Therefore, in addition, we 
simulate and compare two cases: first, considering the coordination between government agencies and logistics 
companies are accomplished and second, the case with no coordination. 
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2. Distribution of Relief Supplies in Japan 
We discuss here in detail the current system for better understanding of the system of disaster relief effort in 
Japan. During the Great East Japan Earthquake, there were many organizations supplying relief goods to the 
victims, including, government agencies, private sector operators, NGOs, and international organizations. In this 
study, we focus particularly on the structure of aid provided by the governmental sector.  In Japan, there is a 
national disaster prevention plan, which is authorized by the disaster preparedness law (Fukami & Hisamoto, 2010). 
Implementation of disaster prevention is divided into three levels: The national, prefectural, and municipal levels. 
At the national level, the cabinet and disaster prevention council jointly develop the standards for disaster 
prevention throughout the country. At the regional level, the prefectural governments have their own specific 
disaster prevention plans and work together with the city disaster prevention councils and city fire brigades. The 
disaster prevention plans differ across prefectures in order to cope with the specific regional disaster risks and local 
circumstances. Prefectural disaster prevention councils play an important role in designing local plans, including 
forecasting the likely impacts of disasters, coordinating the agencies involved in relief efforts, and directing actual 
implementation. 
Relief goods distribution is one part of the national disaster prevention plan. Based on the prefectural disaster 
prevention plan, each prefectural government has a designated location for the storage of relief goods (usually at 
government offices or a pre-contract with suppliers who undertake to have goods available when needed). The 
primary stockyard is a storage location used to manage goods at prefectural level, and those at municipal level are 
secondary stockyards. From Fig. 3, the procedures for providing relief supplies to victims of a disaster are as 
follows (Mine, 2011): 
x Victims seek aid at shelters. 
x Shelters request relief goods from the relevant municipal government. The goods, which are stocked in the 
secondary stockyard by the municipal government, will be the first delivered to shelters. When stocks are low, 
requests are made to the relevant prefectural government. 
x The Prefectural government delivers goods stocked in the primary stockyard to the secondary stockyards. When 
these stocks are not sufficient, requests are made to the national government and/or to private sector actors.  
x The national governments, and/or private sector companies, deliver goods to distribution centres and from these 
to the primary stockyards of the affected prefectures. 
In the disaster prevention plan, expressways and important trunk roads are to be reserved for vehicles with 
specific licenses in case of an emergency. Such vehicles included are ambulances, police vehicles, trucks carrying 
relief goods. These roads are given the first priority for repair.  
The experience from the Great East Japan earthquake shows that roads with first priority were repaired quickly, 
being passable from the day after the disaster struck (MILT, 2011). For Aichi, the prefecture assigns more than 240 
km of expressway, and more than 1,000 kmof trunk roads as first priority roads (Aichi Prefecture Disaster 
Prevention Office, 2010). This network of first priority roads is used for analysis in this study. 
The procedure for distribution of relief goods in Aichi prefecture follows the national pattern. The prefecture 
has identified primary and secondary stockyards as well as made stocks of relief goods. The primary stockyards 
include national parks, a sport centre, and an airport terminal (Aichi Prefecture Emergency Response Division, 
2009). The secondary stockyards at municipal level are mostly buildings close to the local municipal offices. Most 
of these facilities are not supported by logistics equipment. Loading and unloading operations must be performed 
manually.  
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Fig. 3. Procedures to provide disaster relief supplies 
3. Modeling and Evaluation of the First Phases of Disaster Relief Operation  
In this section, the framework of evaluation model is provided. The model framework includes four steps; 
which are: 1) Initial assumptions: this includes the level of intensity and location of the expected earthquake, 
locations of hubs and receivers of the goods, types of goods to be delivered to shelters, and their characteristics, 
types of vehicles to be used and their capacities, the road network, and handling times at each facility. 2) 
Estimation of level of damage: the percentage of damage to housing and lifeline infrastructure, by type, damaged 
and the time required for their recovery. 3) Estimation of number of victims: the number of victims is estimated for 
each shelter based on the estimated level of damage to housing and lifelines. 4) Delivery of relief supplies: a multi-
commodity VRP is applied to estimate the optimum level of resources to devote to the operation. The resources 
include drivers, trucks, and the expected fuel consumption. The details of formulations used in the evaluation 
procedures are as follows: 
3.1. Estimation of level of damage  
In general, the number victims who need to move to shelters are estimated from the summation of (a) victims 
having houses seriously damaged and (b) victims having water servicea stopped (Gunma Prefecture, 2012). In this 
study, we calculate (a) from the probability of damages on housings by types and (b) from the probability of 
damages on lifeline infrastructures by types. The damage to housing is estimated using the distribution of 
percentage of damage on wood and non-wood houses on various seismic intensities provided by previous research 
(Kyoto Disaster Prevention Office, 2005). 
For the lifelines, there is a statistic model developed by Nojima & Sugito (2005) that estimates the level of 
damage, by seismic intensity level, on each type of infrastructures including electricity, water, and gas. The model 
was based on the experience of the Great Hanshin Awaji Earthquake in 1995. The model is a binary logit model 
estimating the probability that an earthquake with a given intensity will disrupt each lifeline utility. This research 
utilizes Nojima and Sugito’s model for estimation of damage level and days for recovery on electricity and water 
to estimate the number of victims each day at shelters.  
3.2.  Estimation of number of victims at each shelter 
Based on the previous estimation of level of damage in each area, the number of victims at each shelter can be 
estimated. Assuming that victims who houses are lost and/or having all the lifeline infrastructures cut down will 
need to seek for aid at shelters. 
 In this paper, we analyze scenarios of the operations to provide “food and water” for the victims each day 
during the first week after the disaster. The demands of goods by municipality can be determined from the 
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previously calculated number of victims by setting the requirement to provide food and water for each victim to 3 
meals a day (for each person, 2 breads + 2 rice balls + 3 bottles of 500ml water bottles).  
3.3.  Delivery of relief supplies 
This problem is viewed as a multi-commodity vehicle routing problem (VRP). As the operation time is crucial 
for disaster relief, the objective function is set to be the optimization of total response time. The vehicle routing 
simulation provides a sequence for deliveries to stockyards, which minimizes the total response time with 
constraints on the maximum carrying capacities of trucks and on the maximum working hours of drivers.  
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Where, R  is number of stockyards. ijc   is travel time between i and j. )(xw  is total load on a truck. maxwt  is 
maximum carrying weight of a truck. )(xs is total volume of a truck. maxs  is maximum volume of a truck. )(xt  
is total operation hours of a driver. maxtt is maximum working hours of a driver. ijx equals to 1 if i immediately 
precedes j and 0 otherwise.  
4. Planning Delivery of Relief Sets for the First Week After the Earthquakes  
The prefecture reserves expressways and important trunk roads for operations during an emergency. These 
roads are called priority roads. We assume that this network of first priority roads can be used for deliverying 
goods.  
On June 25, 2012, we conducted a questionnaire survey among freight forwarders in Sendai who distributed 
goods during the aftermath of the Great East Japan earthquake. From the survey, information on 79 separate 
delivery tours, performed by 21 different drivers, were obtained. Based on the survey results, the average driving 
speed of trucks during emergency was 42.3 kph on expressway and 16.0 kph on normal roads. These values are 
used in this calculation. 
In this study, we assume using 4-ton trucks (capacity of 3,500 kg. or 8 pallets) for the operation in order to 
ensure their accessibility to all roads.  As we consider the total response time, therefore, time required for handling 
goods (loading or unloading) at each facility is included. Based on the survey, the operations during the Great East 
Japan earthquake in Sendai, Miyagi Prefecture, require approximately 70 minutes for loading or unloading  of 
goods of a full 4-ton truck manually at a non-warehouse facility; while, in general, it takes 20 minutes for the same 
works at a warehouse with forklifts. The maximum working hours of each driver is set to 6 hours in this case.  
With the assumptions above, three scenarios of earthquake disasters were analyzed. They are: 
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4.1.  Tokai earthquake 
The Tokai earthquake has an expected magnitude of 8.0 (Mw); the intensity in Aichi ranges from 4.7 to 5.6 
JMA (Nojima & Sugito, 2005). Based on the Aichi’s disaster response plan, the prefecture prepared three places as 
depots for supplying relief goods in response to the Tokai earthquake, including Odaka park, Okazaki central park, 
and Toyohashi sport centre (Aichi Emergency Response Division, 2009). The locations are as shown in Fig. 4(a). 
For this earthquake, the area in Group A is affected less than in Groups D, E, and F. Therefore, Group A is 
clustered to cover the wider area comparing with the others. We have tested several clusters and finally these 
clusters required the least total resources required for the overall operation. Group F is excluded in this study 
because of high possibility of inaccessibility to these cities due to road disruptions. It is suggested to treat this 
group separately such as delivery by helicopters. 
4.2. Tonankai earthquake 
The Tonankai earthquake has an expected magnitude of 8.2 (Mw); the intensity in Aichi ranges from 4.9 to 6.0 
JMA (Nojima and Sugito, 2005).  Based on the Aichi’s plan, the prefecture decides four places as depots for the 
operations for the Tonankai earthquake, including Odaka park, Okazaki central park, Nagoya airport, and 
Ichinomiya sport centre (Aichi Emergency Response Division, 2009) as shown in Fig. 4(b).  The cities are 
assigned to each depot based on their locations to the depots. The clusters are as depicted in the figure. Similarly, 
Group F is excluded due to the requirement for special treatment. For depots, including parks and sport centres are 
considered as a non-warehouse facility; while at Nagoya airport, it is possible to operate by forklifts, therefore we 
considered this place to be a warehouse facility. 
4.3. Coupled earthquake 
The coupled earthquake has an expected magnitude of 8.3 (Mw); the intensity in Aichi ranges from 4.9 to 6.0 
JMA (Nojima & Sugito, 2005). The locations of depots and their clusters are as same as ones for the Tonankai 
earthquake as depicted in Fig. 4(b). The handling times are set similarly to the case for the Tonankai earthquake. 
a              b                              c 
        
Fig. 4. (a)The current hubs for Tokai earthquake; (b) The current hubs for Tonankai and coupled earthquakes; (c) Proposed clusters for 
Tonankai and Coupled earthquake 
4.4. Evaluation of the current prefecture’s plan 
The multi-commodity VRP model as depicted in Eq. (1) is solved for each group and for each case of damages 
by the three types of earthquakes using a genetic algorithm. The simulation also produces delivery routes for each 
driver in the road network as well as operation hours and running distance. The results of resource requirements 
including total number of trucks and fuel required for the deliveries in response to Tokai earthquake, Tonankai 
earthquake, and the coupled earthquakes are presented in Fig. 5. 
During emergency, operations are performed 24 hours a day. With the assumption of maximum 6-hours 
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operation each day of each driver, therefore, in each day a truck can be used 4 times. From this assumption, the 
total number of required trucks can be calculated. The model also producess the driving distance of each driver. 
Thus, the expected level of fuel consumption in each day can be estimated based on the driving distance of each 
driver. 
In order to capture the variation of demands in each day, we assume that victims who seek shelter because of 
disrupted electricity and water services will be able to leave the shelters after the utilities recovered. The results 
show that, from day 7, the lifeline utilities in some areas in Groups A and D are predicted to be recovered, resulting 
in significantly decreases in demands and hence reduced resources required for these groups. On the other hand, 
Group E is more heavily affected by the earthquake; thus victims in this group need to stay longer at the shelters 
and thus require longer support.  
The Tonankai earthquake is predicted to have larger impacts on Aichi prefecture, more than by the Tokai 
earthquake. Therefore, it is reasonable that the prefecture increases the number of depots to 4 depots in response to 
this earthquake. Group D requires the largest numbers of drivers, trucks, and fuel for the operations because of the 
largest impacts by the earthquake in this area.   
When the Tokai and Tonankai earthquakes strike the region at the same time (the coupled earthquake), this 
region impacted by the coupled earthquake in the similar pattern to one by the Tonankai earthquake but with 
higher intensity. Therefore, the prefecture should be prepared for this possibility by increasing the resources by 
approximately 4-5 percent from the resources required to response to the Tonankai earthquake alone. In addition, 
the operation for the coupled earthquake will need to be approximately 3 times of the resources required to respond 
to only the Tokai earthquake.  
Similarly to the case of Tonankai earthquake, Group D is affected the largest and thus requires larger amounts 
of support  for longer durations. The depot of Group D has to deal with larger numbers of deliveries, which 
possibly causes congestion or delays in the operations. Therefore, it is suggested to increase number of depots for 
this group, for example, to use Toyohashi sport centre as another depot for Group D to reduce workloads in this 
group.   
 
 
Fig. 5. Resource requirement for the three earthquake scenarios 
4.5. Evaluation of the proposed plan when the coordination between government agencies and logistics companies 
is accomplished 
As previously discussed, many resources owned by logistics companies will be very useful for relief operation. 
Such resources are, for example, trucks, forklifts, warehouses, and trained staffs. Based on the current plan of 
Aichi prefecture, there still is no plan for such cooperation. In this research, we assumed that the coordination 
between Aichi prefecture and logistics companies has been accomplished. The prefecture can use logistics 
companies’ resources for the operation.  In this section, we compare the operation performance between two cases 
of the proposed coordination and the current plans only for the worst case of the coupled earthquakes.  
x Scenario 1 is the prefecture’s current plan. 
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x Scenario 2 is our proposed plan with coordination with logistics companies. 
 
Fig. 4(c) depicts the locations of hubs and grouping when utilizing logistics companies’ warehouses, forklifts, 
and staff for the operation. From the estimation of recovery time for electricity, warehouses in Toyohashi are 
possibly able to be used from the second day. Therefore, in this plan we divide the previous Group D into Groups 
D and E as shown in Fig. 4(c).  The depots reserved by the prefecture are mostly parks and sport centres. Handling 
times at these facilities take relatively longer times compared with time required for the same works at a warehouse 
with proper logistics equipment.  In this analysis, we utilize a handling time of 20 minutes at logistics facility with 
forklifts for 4 ton trucks. This number is based on the survey with logistics companies.   
Fig. 6 depicts the simulation results in which Scenario 1 is the prefecture’s current plan and Scenario2 is our 
proposed plan with coordination with logistics companies. Comparing the two scenarios, the results suggest that 
using private sector logistics facilities with handling equipment as in Scenario 2 would reduce the total resource 
requirements as well as reduce total response times. Compared with Scenario 1, Scenario 2 can reduce 
requirements for trucks/drivers by 19.9 percent, fuel consumption by 24.5 percent, and operating hours by 29.1 
percent. The fuel requirement for the first day of Scenario 2 is higher than that of Scenario 1 due firstly to the 
better location of the depot of Group C in the first scenario, and secondly to the unavailability for the first day of 
the depot in Group E in Scenario 2, so that these stockyards must use the depot of Group D.  
The electricity of the depot in Group E is expected to be restored after 28 hours. Hence, from the second day in 
Scenario 2, as we can split Group E from Group D, the total travel distance significantly decreases, also reducing 
fuel consumption. The results show the proposed plan can reduce number of trucks required by approximately 11 
percent.  The result of the same scenarios for the amount of fuel required. The result shows that the benefit of 
adding another depot is approximately 30 percent saving of fuel requirements for the operation in the first week. 
Definitely, relief supply operations performed by logistics specialists with proper equipment and facilities will 
increase the operation efficiency and thus requires less amount of resources, such as a driver can double the 
number of tours, where previously this there was only a delivery once  a day. 
 
 
Fig. 6. Simulation results 
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5. Conclusion 
So far, we have discussed the complexity and points to be considered during planning for logistics of relief 
efforts. Based on our survey results, as the time passes by, the requirements from victims will increase in variation. 
We divide this into four phases of relief efforts as a distinctive logistics systems are required during each time 
phase.   
In this paper, we focus more on the first phase of emergency relief operations. A model was developed and used 
to evaluate current plans in response to three possible earthquake scenarios for Aichi prefecture: Tokai, Tonankai, 
and a coupled earthquake. The model calculates the resource requirements, which are important for planning 
disaster relief efforts. It is better have reliable estimates of resource requirements in order to avoid the shortages 
which followed previous earthquakes. Furthermore, these resource requirements can be used to check the capacity 
of facilities in order to ensure a smooth operation.  
As to demonstrate the improvement of operational performance if cooperation between government agencies 
and logistics companies is well established, we proposed a plan using logistics companies’ resources including 
warehouses, forklifts, staffs, etc for the operation. The simulation results showed an improvement on operation 
performance compared with the current prefecture plan.  
However, the present model was developed using a deterministic method. In this paper, we assume the network 
of first priority roads is recovered as expected. However, in the reality, we should consider the uncertainty of the 
road network recovery. Such damage and their recovery rates highly impact the performance of relief operations. 
Therefore, it is suggested to incorporate into the model the possibility of disruptions to the road network or other 
facilities as well as their recovery rate in order to improve the model. These remain for the future improvement.  
Simulation models of relief efforts can help planners better estimate the resources required, the optimal 
placements of hubs and stockyards, and how to adapt to disruptions in these facilities or the transport network. In 
this study, we demonstrated the analysis for the case of earthquake disasters; however, the similar concept also can 
be applied to other types of disasters such as floods, landslides, and so on by considering the disaster intensity, the 
affected area, and estimated level of damage on the lifeline infrastructure due to disasters.  
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